illustrates the electrothermal vaporization chamber accommodating a single or double filament. Each tungsten wire (0.2 mm diam., 45 mm long) was looped to form a 2-mm opening and connected to the electrode terminals embedded in a filament holder. The vaporization chamber (capacity 5 ml) was made of Pyrex glass and tightly fitted onto the filament holder with the ground-glass joint (SPC 19, Sibata Scientific Technology). The chamber was connected to the ICP-torch through a three-way stopcock. The DC power supply (AD-8735, A&D) and high-capacity condenser (0.27 F, Nippon Chemi-Con) were used to heat resistively the filament. The operating conditions for ICP-MS (Seiko Instruments SPQ6500) are as follows: rf power 500 W, sampling depth 35 mm, outer gas flow rate 0.1 l min -1 , carrier gas flow rate 5.0 l min -1 , dwell time 1 ms per channel, and 3 channel width.
Reagents
Standard arsenic and selenium solutions (1.00 mg l -1 , in 0.1 M HNO3) were prepared by dissolving 0.100 g of elemental arsenic (Nacalai Tesque) and selenium (Wako Pure Chemical) in 10 ml of 14 M nitric acid, respectively, and diluting with 0.1 M HNO3. Other standard solutions (1.00 or 10.0 mg l -1 , in 0.1 M HNO3) were prepared from commercial standard solutions (1.00 g l -1 , Nacalai Tesque). These stock solutions were further diluted to appropriate concentrations with 0.1 M HNO3 immediately before use.
A certified reference sample (powdered human hair, BCR CRM 397) was obtained from the Community Bureau of Reference of the Commission of the European Communities. Water was purified by a Milli-Q water purification system (Millipore Corp., USA). High purity helium (>99.9999%, Nippon Sanso) was used for the generation of ICP. All reagents used were of analytical grade unless otherwise stated.
Procedure
Two aliquots of sample (5 µl each) were placed on two tungsten loops of the double filament (see Fig. 1 ). The filament holder was fitted to the vaporization chamber and the electric current (2.6 A) was passed for 100 s to dry the sample droplets. The chamber was evacuated to a pressure of 30 -40 Torr with mechanical pumping and then connected to the ICP-torch through the three-way stopcock. The sample residue was vaporized by discharging sequentially the high-capacity condensers with a delay of 50 ms. The resulting sample vapor was transported to the plasma with a stream of helium for the analysis by MS. The filament was finally cleaned for the next determination by discharging the condensers without loading any sample.
Analysis of human hair
A 10-mg weight of sample was placed in a 1-ml PTFE vessel, to which 200 µl of 14 M HNO3 and 20 µl of 30% H2O2 were added. The covered vessel was put in a supporting stainlesssteel jacket and heated in an electric furnace at 150˚C for 90 min to decompose the sample. After cooling for 1 h, the steel jacket was disassembled to take out the PTFE vessel. The mineralized sample in the vessel was quantitatively transferred to a 1-ml volumetric flask and diluted to the mark with water. Two aliquots of the solution (5 µl each) were placed on the double filament and the determination was carried out as described above. By this procedure, four elements were determined simultaneously. Calibration curves were prepared by using 1 ml of 0.1 M HNO3 containing ng -µg of elements. The measurement was separated three times and the average values were plotted against the concentrations.
Results and Discussion

Signal profiles obtained by ETV
The single filament technique produced a sharp and almost symmetrical peak with an excellent signal-to-background (S/B) ratio, which permitted the reliable single element analysis. The signal, however, was too narrow (ca. 30 -50 ms FWHM) to be used for the simultaneous determination of two or more elements with acceptable precisions. For example, RSD was increased to more than 25% for the determination of two elements. This is due to the scanning fashion of MS, which requires milliseconds for the scanning and stabilizing of the quadrupole rod voltage.
On the other hand, the double filament technique gave the analyte response of long duration (100 -150 ms). Although the signal profile seems to be ill-defined, its shape and area were rather reproducible (RSD ca. 10% for signal area). Four elements, therefore, can be determinable at a time without any deterioration of the precision, as described later. The RSD, however, was increased to more than 20% when the measurements were performed under the unsuitable dwell time, channel width and delay time.
The use of one more tungsten loop (i.e., triple filament) was difficult because of the limited space inside of the vaporization chamber. When the capacity of the chamber was increased to 10 ml, the signal intensity was significantly decreased.
Maximum number of elements to be determined
Two 5-µl droplets (containing Fe, As, Se, Cd, and Pb, at 100 µg l -1 each) were placed on the double filament and the resulting vapor was introduced into the ICP for the determination. Up to four elements, the multielement analysis was possible with the RSD of 8 -12%. Table 1 shows that the double filament technique can be applicable to the analysis of any combination of four elements selected from 52 Cr to 208 Pb. The precision was almost constant, though the signal integration time varied from 12 ms (e.g. Cr, As, Cd and Pb) to 21 ms (e.g. Cr, Mn, Fe and Co). For five elements, however, the analytical precision deteriorated to 25% of RSD because of the insufficient integration time (3 -6 ms).
The detection limits (µg l -1 ) based on 3σ of background signals approached the fractional ppb range: 0.6 (Cr), 0.2 (Mn), 0.6 (Fe), 0.7 (Co), 0.1 (As), 0.3 (Se), 0.07 (Cd), 0.3 (Pb). Volumes analyzed are 10 µl, thus providing absolute detection limits of a few picograms. The highly sensitive detection of 52 Cr, 56 Fe, and 80 Se is the most significant advantage of lowpressure helium over the conventional argon ICP-MS, where these analytes are subject to interference from ArC + , ArO + , and Ar2 + .
Determination of trace elements in human hair
The validity of the proposed method was evaluated by 
analyzing the certified reference material for human hair. The sample decomposition followed by the determination were carried out as described in Experimental. Because the effect of acidity of sample on the signal intensity was negligible over the range of 0.1 -3 M HNO3, the calibration curves were prepared by using 0.1 M HNO3 standard solutions. The desired elements (Cr, Mn, Fe, As, Se, Mo, Cd, and Pb) were classified into two groups, depending on their original contents in the sample. Four elements of relatively high concentrations, including Cr, Mn, Fe, and Pb, were determined first and then the remaining elements were determined similarly. As shown in Table 2 , analytical results for eight elements were in good agreement with the certified values. The RSD's for the some elements were slightly improved, because those metals were contained in the sample at relatively high concentrations. The impressive reductions of time were also achieved with the double filament technique. The proposed method permits the convenient multielement analysis of minute samples with superior detection limits; hence it will become an attractive method for the analysis of various materials, especially including biological, clinical and valuable samples.
